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SUMMARY
Microsporidia are spore-forming intracellular parasites that infrequently cause disease in
immunocompetent persons. This study describes the ﬁrst report of a foodborne microsporidiosis
outbreak which aﬀected persons visiting a hotel in Sweden. Enterocytozoon bieneusi was identiﬁed
in stool samples from 7/11 case-patients, all six sequenced samples were genotype C. To conﬁrm
that this was not a chance ﬁnding, 19 stool samples submitted by healthy persons from a
comparable group who did not visit the hotel on that day were tested; all were negative for
microsporidia. A retrospective cohort study identiﬁed 135 case-patients (attack rate 30%). The
median incubation period was 9 days. Consumption of cheese sandwiches [relative risk (RR) 4.1,
95% conﬁdence interval (CI) 1.4–12.2] and salad (RR 2.1, 95% CI 1.1–4) were associated with
illness. Both items contained pre-washed, ready-to-eat cucumber slices. Microsporidia may be an
under-reported cause of gastrointestinal outbreaks; we recommend that microsporidia be
explored as potential causative agents in food- and waterborne outbreaks, especially when no
other organisms are identiﬁed.
Key words: Cohort study, emerging, Enterocytozoon bieneusi, foodborne, microsporidia, outbreak,
Sweden.
INTRODUCTION
Microsporidia are single-celled, spore-forming obli-
gate intracellular parasites which, prior to 1985, were
only sporadically reported in humans. They have since
emerged as a major cause of opportunistic infections
associated with persistent diarrhoea and weight loss in
persons with AIDS [1] and organ transplant patients
[2–4]. While still uncommonly reported in im-
munocompetentpersons,intestinalmicrosporidiosisis
increasingly being identiﬁed in children, the elderly,
and travellers [5–8]. In healthy persons, disease is
characterized by self-limiting diarrhoea usually of f1
month’s duration [1]. The incubation period for
microsporidiosis remains unknown.
Although there are more than 1200 species of
microsporidia, most infections in humans are caused
by two species: Enterocytozoon (E.) bieneusi and
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identiﬁed in both immunocompromised and healthy
persons and has also been isolated from a wide range
of animal hosts including cattle, pigs and a variety of
birds [6, 10, 11]. More than 90 genotypes of E. bien-
eusi are recognized, some of which are associated with
a single host and others with o2 hosts [12]. Possible
modes of transmission include person-to-person,
zoonotic transmission, inhalation of contaminated
aerosols and ingestion of contaminated food and
water [6]. Only one outbreak of microsporidiosis,
associated with waterborne transmission, has been
reported in the literature [13].
Previously, microsporidia research in Sweden had
focused on HIV-positive patients [14, 15]. In contrast,
only one case of E. bieneusi infection in an im-
munocompetent person has been reported [16]. The
case-patient was an HIV-negative man who had not
travelled abroad in the previous 12 months and was
identiﬁed as part of a 1-year prospective study to
identify enteropathogens in adults with diarrhoea
and healthy control subjects [17]. Of 417 patients with
diarrhoea found to be shedding enteropathogens, only
this one microsporidiosis case was identiﬁed; out of
203 controls none were found to have microsporidia.
We describe a large foodborne outbreak of micro-
sporidiosis associated with a hotel in central Sweden.
On 5 November 2009, the regional public health
authority in Va ¨ rmland County was informed of more
than 100 cases of gastrointestinal illness in 471 atten-
deesofa1-dayconferenceheldatahotelon23October
2009 (group A). A second group of visitors (n=15,
group B) attended a separate meeting at the hotel on
the same day but reported no illness. Staﬀ members
working on 23 October (n=39) had also eaten the
same foods on that day and two reported illness after
the event. In collaboration with the regional public
health and environmental health authorities, the
Swedish Institute for Communicable Disease Control
(SMI) initiated an investigation in order to determine
the mode and vehicle of transmission, establish the
magnitude of the outbreak, and identify the aetiologi-
cal agent.
METHODS
Laboratory investigations
Outbreak samples
All persons who reported illness were asked to submit
a stool sample. The county microbiology laboratory
investigated 95 samples for bacterial enteropathogens
(Salmonella, Shigella, Campylobacter, enterohaemor-
rhagic Escherichia coli, Vibrio, Plesiomonas,
Aeromonas) and intestinal parasites (Entamoeba spp.,
Giardia, Isospora, Cyclospora, Cryptosporidium).
Of these initial stool samples, only eight (formalin-
ﬁxed) samples remained for further testing and were
sent to SMI’s parasitology reference laboratory
where they were investigated by light microscopy for
Entamoeba spp., Dientamoeba, Giardia, Cryptospor-
idium, Blastocystis and Cyclospora. Subsequent
examination for the presence of microsporidian
spores was performed by light microscopy after
modiﬁed trichrome staining [18] and monoclonal
antibody immunoﬂuorescence assay (Bordier Aﬃnity
Products SA, Switzerland). DNA was extracted di-
rectly from stool specimens by using the QIAamp
DNA mini kit (Qiagen, Germany) after an initial
disruption of the spores with a Mini-BeadBeater
(Biospec Products Inc., USA). Ampliﬁcation of the
ITS region was performed by using the primers
for nested PCR described by Buckholt et al. [19].
Amplicons from all PCR-positive samples were di-
rectly sequenced in both directions. The BLAST tool
was used to compare the nucleotide sequences with
sequences in the GenBank database.
A further three samples from persons still experi-
encing symptoms in late November were analysed for
the presence of norovirus, rotavirus and adenovirus.
These samples were subsequently sent to SMI’s
virology laboratory where they were tested for astro-
virus, rotavirus, adenovirus, norovirus and sapovirus.
They were also later investigated for microsporidia at
SMI’s parasitology laboratory.
DNA from all samples available at SMI (n=11)
were sent to the reference parasitology laboratory at
Statens Serum Institut (SSI) in Copenhagen for in-
vestigation of E. bieneusi and Encephalitozoon spp. by
real-time PCR [20].
Prevalence study samples
In June 2010, all members of the same professional
group as group A who had not attended the confer-
ence on 23 October (nB70) were contacted and in-
vited to participate in a prevalence study. They
were asked to provide a stool sample and complete a
short paper questionnaire regarding sex, age, travel
history during the previous 6 months, and gastro-
intestinal illness during the previous 4 weeks. DNA
from samples was extracted and ampliﬁed as de-
scribed above. Ethical approval was obtained from
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Epidemiological investigation
We conducted a retrospective cohort study which in-
cluded the three identiﬁable groups who ate at the
hotel on 23 October: group A, group B and the hotel
staﬀ who worked on that day. All participants were
asked to complete a web-based questionnaire (Artisan
Global Software, Sweden; www.artologik.com). For
group A and the hotel staﬀ, the link to the question-
naire was sentbyemailon 18November.For groupB,
only postal addresses were available so all 15 persons
were sent a letter with the link to the questionnaire
together with a paper copy. The questionnaire asked
about date and time of illness onset, type and duration
of symptoms, foods consumed during the entire day
(coﬀee breaks, lunch, dinner) and other activities at
the hotel (overnight stay, use of spa facilities).
A case-patient was deﬁned as a person who ate
at the hotel on 23 October 2009, and subsequently
developed at least one of the following symptoms:
diarrhoea, vomiting, abdominal pain or nausea. An
onset date was also required.
We analysed the data using Stata v. 10 (StataCorp,
USA). Food-speciﬁc attack rates (AR), relative risks
(RR) and 95% conﬁdence intervals (CIs) were calcu-
lated for all exposures. A Fisher’s exact P value of
<0.05 was considered signiﬁcant. Respondents who
answered ‘do not know’ were excluded from the
analysis of that particular exposure. For those per-
sons who stated that they ate each meal and answered
yes to one or more of the food items for that meal and
who left all other answers blank, the missing values
were coded as ‘no’. For all others, missing values
were retained and these persons were excluded from
the analysis. The univariate analyses of the individual
food items served during the morning coﬀee break
and lunchtime meals were restricted to persons who
attended those meals. To control for confounding, we
performed logistic regression. For both the morning
coﬀee break and lunchtime meals, food items that
were signiﬁcantly associated with illness (P was
<0.05) and were considered to be biologically plaus-
ible sources of infection were ﬁtted into a model
together with sex and age group.
Environmental investigation
The local Environmental Health Oﬃcer (EHO) in-
spected the hotel kitchen on several occasions and
interviewed the staﬀ. In addition to evaluating the
temperature controls and observing general hygiene
practices, the EHO investigated the food handling
and storage procedures for the foods served on
23 October. No leftover food samples were available
for microbiological testing.
RESULTS
Laboratory investigations
Outbreak samples
Initially, 95 stool samples were obtained. All samples
were negative for enteropathogenic bacteria and in-
testinal parasites at the county laboratory. The three
additional samples from patients with continuing
symptoms were negative for norovirus, rotavirus and
adenovirus (Table 1).
None of the eight stool samples sent to SMI were
positive for Giardia, Cryptosporidium, Cyclospora,
Dientamoeba, Entamoeba spp., or Blastocystis.
Similarly, the faecal samples from the three persons
with persisting symptoms in late November were all
negative for enteropathogenic viruses at SMI.
On 17 December, 3/8 initial samples received at
SMI were found to contain microsporidia spores by
microscopy. An immunoﬂuorescence assay using
monoclonal antibody identiﬁed the species in all three
samples as E. bieneusi. This was further conﬁrmed by
PCR. Two of the three samples from late November
were positive for E. bieneusi by microscopy, im-
munoﬂuorescent staining and PCR; the remaining
sample was positive only by PCR. Thus, a total of six
samples were positive for E. bieneusi. Sequencing of
these PCR-positive samples revealed that all six had
sequences corresponding to the previously described
genotype C, GenBank accession no. AF101199
(Table 1).
Real-time PCR performed by SSI detected E. bien-
eusi in 4/8 initial stool samples and all three of the
samples from late November. This gave a total of 7/11
positive samples. No samples were positive for
Encephalitozoon spp.
Prevalence study samples
A total of 19 control group persons provided stool
samples and completed the questionnaire. All samples
were negative for microsporidia. The age and gender
distribution of these persons was comparable to that
of the outbreak cohort (95% female, median age 56
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ness in the previous 4 weeks.
Epidemiological investigation
In total, 450/525 (86%) persons completed the ques-
tionnaire and 135 met the case deﬁnition (AR 30%).
Of the staﬀ, only 3/39 (AR 8%) reported illness while
in groups A and B the ARs were 33% (130/397) and
14% (2/14), respectively. The median age of the case-
patients was 52 years (range 20–65 years) and most
(86%) were female; these ﬁgures were similar to those
of the cohort as a whole (median age 52 years, 84%
female).
Onset dates of the 135 case-patients ranged from
23 October to 13 November, with a peak on
2 November (Fig. 1). The distribution of case-patients
over time indicates a point-source outbreak but is
broad, reﬂecting a wide range of incubation periods.
The median incubation time between the date of
the conference and illness onset in case-patients was
9 days for all case-patients (range 0–21 days) and
7days(range3–15days)forthefourmicrobiologically
conﬁrmed case-patients (Table 2).
The most common symptoms were abdominal pain
(87%), diarrhoea (82%) and nausea (82%) (Table 2).
Notably, vomiting was only present in 7% of case-
patients. When asked about other symptoms (free-
text ﬁeld), 29 case-patients (21%) reported feeling
bloated, 14 (10%) reported suﬀering from ﬂatulence
and 13 (10%) reported experiencing fatigue. None of
the case-patients had bloody diarrhoea. The median
duration of illness was 6 days (range 1–20 days) al-
though it should be noted that the regional public
health authority was notiﬁed of case-patients who
were still experiencing persistent or recurring symp-
toms as late as February 2010.
Persons who attended the morning coﬀee break
were found to have a 6.4 times higher risk of illness
than those who did not (Table 3). Lunch was also
associated with illness (RR 5.7, 95% CI 0.8–38.1,
P=0.018). Of the individual food items, the cheese
sandwich served during the morning coﬀee break and
the salad served during lunch had the highest RRs:
4.1 (95% CI 1.4–12.2, P=0.001) and 2.1 (95% CI
1.1–4.0, P=0.013), respectively (Table 3). Of the 135
cases, 130 (97%) ate the cheese sandwich and 117
(87%) ate the salad. Additionally, the mashed
potatoes and bread were signiﬁcantly associated with
illness. Univariate analyses for food items served
during the afternoon coﬀee break, at dinner, and for
other snacks provided throughout the day were also
Table 1. Summary of results from laboratory investigations of stool samples submitted following the hotel
visit on 23 October 2009
Laboratory results
No. of positive
samples/no. of
samples tested
Results from local laboratory
Bacteria (Salmonella, Shigella, Campylobacter, enterohaemorrhagic Escherichia coli,
Vibrio, Plesiomonas and Aeromonas)
0/95
Parasites (Entamoeba spp., Isospora, Cyclospora, Giardia, Cryptosporidium) 0/95
Viruses (norovirus, rotavirus, adenovirus) 0/3
Results from SMI virology laboratory
Astrovirus, rotavirus, adenovirus, norovirus and sapovirus 0/3
Results from SMI parasitology laboratory
Giardia, Cryptosporidium, Cyclospora, Dientamoeba, Entamoeba sp., Blastocystis 0/8
Enterocytozooon bieneusi* 6/11#
Results from SSI parasitology laboratory
E. bieneusi 7/11$
Encephalitozoon spp. 0/11
SMI, Swedish Institute for Communicable Disease Control, Solna, Sweden; SSI, Statens Serum Institut, Copenhagen,
Denmark.
* E. bieneusi was detected by using light microscopy (chromotrope staining) in combination with an immunoﬂuorescence
assay.
# Of those samples positive for E. bieneusi at SMI, all six were genotype C: GenBank accession no. AF101199.
$ SSI detected one further case by real-time PCR among the eight initial, formalin-ﬁxed samples. This sample was not
genotyped.
522 V. Decraene and others20
18
16
14
12
10
N
u
m
b
e
r
 
o
f
 
c
a
s
e
s
8
6
4
2
0
22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Visit to hotel
Outbreak notified
October November
Date of onset, 2009
Group A, unconfirmed (n=126)
Group A, confirmed (n=4)*
Group B, unconfirmed (n=2)
Hotel staff, unconfirmed (n=3)
Fig. 1. Distribution of cases (n=135) by date of symptom onset during an outbreak of E. bieneusi, Sweden,
October–November 2009. * Three of the microbiologically conﬁrmed case-patients did not return the questionnaire and are
therefore not shown in the ﬁgure. Two of these three case-patients became ill on 2 November; an onset date for the remaining
case-patient was not available.
Table 2. Summary of symptom distribution, symptom duration and incubation periods in case-patients during
an outbreak of E. bieneusi, Sweden, October–November 2009
All case-patients (n=135) Conﬁrmed case-patients (n=4)*
No. (%) Median (range) No. (%) Median (range)
Symptoms
Diarrhoea 110 (82) 4 (100)
Abdominal pain 117 (87) 4 (100)
Nausea 111 (82) 4 (100)
Headache 80 (59) 3 (75)
Muscle ache 45 (33) 2 (50)
Fever (>38 xC) 35 (26) 3 (75)
Bloating# 29 (21) 0
Flatulence# 14 (10) 0
Fatigue# 13 (10) 2 (50)
Vomiting 10 (7) 0
Duration of symptoms (days)$ 6 (1–20) n.a.$
Incubation period (days) 9 (0–21)· 7 (3–15)
* Three of the seven microbiologically conﬁrmed case-patients did not return the questionnaire and are therefore not
included here.
# These symptoms were reported by case-patients in a free-text ‘other symptoms’ question.
$ Median and range of symptom duration could only be calculated for those case-patients whose symptoms had ceased at the
time of questionnaire completion and who did not have missing data (n=89). For conﬁrmed case-patients, three indicated
that they were still ill so no median or range of symptom duration could be calculated.
· One case-patient developed symptoms on the same day as the event; the incubation time was 8–10 h.
Foodborne microsporidiosis outbreak, Sweden, 2009 523performed (data not shown). Although some of these
items were signiﬁcantly associated with illness, the
RRs were <2 and none accounted for more than
80% of cases.
In a multivariable analysis which included three
food items (cheese sandwich, salad, mashed potatoes)
as well as sex and age group, only the cheese sandwich
and the salad continued to show a signiﬁcant associ-
ation with illness: the odds ratio (OR) for the cheese
sandwich was highest at 6.57 (95% CI 1.53–28.28,
P=0.011) while the OR for salad was 2.49 (95% CI
1.12–5.54, P=0.026).
Environmental investigation
General food-handling practices at the hotel were
considered to be good; no lapses in temperature
control or general hygiene were identiﬁed. Further
investigation of the cucumber used in the cheese
sandwiches revealed that it was supplied by a whole-
saler who had washed, sliced and packaged the prod-
uct in sealed plastic bags prior to delivery. No further
washing of the cucumber slices was performed at
the hotel. At the same time, the supplier had also
delivered whole, unwashed cucumbers which were
used in the salad served at lunch time; these cu-
cumbers were washed and chopped at the hotel. It
was subsequently established that cucumber slices
left over from making the cheese sandwiches had
been added to the salad. Further investigations re-
vealedthatthepre-slicedcucumbershadbeensupplied
to the wholesaler by an intermediate supplier who
had imported them from Spain. The whole cu-
cumbers used in the salad came from a diﬀerent inter-
mediate supplier and the country of origin could not
be traced.
Table 3. Risk of illness by exposure to foods served during a coﬀee break and lunch on 23 October 2009, Sweden
Exposure
Exposed Unexposed
RR 95% CI P value*
Cases
exposed
(%) Cases Total AR % Cases Total AR %
Morning coﬀee break 133 407 32.7 2 39 5.16 .37 1.64–24.76 <0.000 98.5
Cheese sandwich 130 392 33.2 3 37 8.14 .09 1.37–12.21 0.001 96.3
Coﬀee 108 322 33.5 25 106 23.61 .42 0.98–2.07 0.069 80.0
Tea 15 56 26.8 118 375 31.50 .85 0.54–1.35 0.537 11.1
Milk 47 123 38.2 86 305 28.21 .36 1.02–1.81 0.050 34.8
Dry cake 17 41 41.5 115 382 30.11 .38 0.93–2.04 0.156 12.6
Fruit (grouped) 21 84 25.0 113 349 32.40 .77 0.52–1.15 0.237 15.6
Lunch 134 427 31.4 1 18 5.65 .65 0.84–38.14 0.018 99.3
Mashed potatoes 128 388 33.0 6 38 15.82 .09 0.99–4.41 0.029 94.8
Salmon 129 407 31.7 5 25 20.01 .58 0.71–3.52 0.270 95.6
White wine sauce 117 355 33.01 44 3 3 2 .61 .01 0.64–1.60 1.000 86.7
Thyme 99 291 34.02 48 5 2 8 .21 .20 0.83–1.75 0.359 73.3
Salad# 117 336 34.8 8 48 16.72 .09 1.09–4.00 0.013 86.7
Boiled vegetables 95 300 31.72 88 3 3 3 .70 .94 0.67–1.32 0.791 70.4
Vegetarian option
Quorn ﬁlet 3 18 16.7 130 407 31.90 .52 0.18–1.48 0.204 2.2
Boiled potatoes 13 47 27.7 118 371 31.80 .87 0.54–1.41 0.620 9.6
Grilled vegetables 16 36 44.4 97 339 28.61 .55 1.04–2.32 0.057 11.9
Chilli sauce 3 17 17.7 112 363 30.90 .57 0.20–1.62 0.294 2.2
Bottled sparkling water 93 276 33.7 41 152 27.01 .25 0.92–1.70 0.158 68.9
Tap water 12 31 38.7 121 397 30.51 .27 0.80–2.03 0.420 8.9
Beer 34 121 28.1 100 306 32.70 .86 0.62–1.19 0.418 25.2
Dry cake 56 144 38.9 68 255 26.71 .46 1.09–1.95 0.013 41.5
Bread 101 276 36.6 24 137 17.52 .09 1.41–3.10 <0.000 74.8
Butter 82 236 34.8 43 172 25.01 .39 1.02–1.90 0.039 60.7
Coﬀee 88 266 33.1 44 156 28.21 .17 0.87–1.59 0.328 65.2
Tea 5 17 29.4 129 406 31.80 .93 0.44–1.96 1.000 3.7
Milk 34 93 36.6 99 326 30.41 .20 0.88–1.65 0.259 25.2
AR, Attack rate; RR, relative risk; CI, conﬁdence interval.
* Fisher’s exact P value.
# The salad contained lettuce, tomatoes, cucumber and sweetcorn.
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We describe the ﬁrst identiﬁed foodborne outbreak
to be associated with the microsporidian E. bieneusi.
Our investigations suggest that cucumber slices in
both cheese sandwiches and a salad were the most
probable vehicle of transmission. Since no leftover
food samples were available for testing and because
little is known about E. bieneusi in the context of
foodborne outbreaks, it is diﬃcult to conclusively
implicate this organism as the agent responsible for
the outbreak. However, the ﬁnding that all six sam-
ples available for genotyping were genetically indis-
tinguishable (genotype C) together with the fact that,
despite extensive testing, no other organisms were
identiﬁed in the stool samples strongly suggest that
E. bieneusi was the causative agent. Furthermore, the
ﬁnding that all 19 stool samples from persons be-
longing to the same professional group who had not
attended the event were negative for microsporidia
provides additional evidence that the detection of
E. bieneusi was not a chance ﬁnding. Although these
samples were taken 7 months after the event, they
nevertheless provide an indication of the prevalence
of microsporidia in a population with similar demo-
graphic characteristics.
The only outbreak of microsporidia reported in the
literature was identiﬁed retrospectively by analysis
of all samples submitted for microsporidial testing
during a 3.5-year period in France; the cause of the
outbreak was attributed to drinking water because
case-patients lived in the same water distribution
area; however, because no analytical epidemiological
study was done it is diﬃcult to draw meaningful con-
clusions from this data [13]. Nevertheless, food- and
waterborne routes of transmission of microsporidia
are biologically plausible and are supported by several
ﬁndings including: environmental resistance of
spores, probable resistance to disinfectants, survival
of spores in water for extended periods, and the de-
tection of spores in ground [21], surface [21, 22], and
crop-irrigation [23] waters, and in fresh produce such
as raspberries, beans and lettuce [24].
We cannot state with certainty how and where the
sliced cucumbers were contaminated. Contamination
during ﬁnal preparation at the hotel seems unlikely
because the cucumbers were not processed any further
but were added directly to the sandwiches. Further-
more, a high contamination dose is suspected (due to
high attack rate in a healthy population) which is
unlikely to have occurred because preparation of the
sandwiches was carried out by an asymptomatic food
handler. The sealed bags of cucumber slices had been
refrigerated before use so it is improbable that con-
tamination took place during storage. Similarly, con-
tamination during initial processing at the wholesale
supplier, although possible, seems unlikely based on
the description of the procedures used. The most
likely hypothesis of contamination is that it occurred
before harvest, either by contaminated manure,
manure compost, sewage sludge, irrigation water,
runoﬀ water from livestock operations or directly
from wild and domestic animals. These potential
contamination events are all plausible and consistent
with the assumption that the level of contamination
must have been high. Unfortunately, because we were
unable to trace the cucumbers back to the farm where
they were grown, we could not investigate these
possible contamination routes further. However, ad-
ditional information is provided by the genotyping
results. While there have been several cases of geno-
type C identiﬁed in humans, predominantly in
HIV-negative organ transplant recipients in Europe
[25, 26], there is only one report on animals in the
literature [27]. Thus, while a zoonotic link cannot be
ruled out, the involvement of this genotype suggests
that the source of contamination in this outbreak was
of human (faecal) origin.
While thorough washing of fresh produce remains
of utmost importance in preventing foodborne illness
and should continue to be emphasized, sometimes
washing may be insuﬃcient to remove all pathogens.
In this instance, it may have been that the level of
contamination was so high that washing was unable
to remove enough of the microbial load so as to pre-
vent infection. Alternatively, it may be that micro-
sporidian spores are capable of strong adhesion to, or
internalization in, certain types of produce, thereby
successfully evading the eﬀects of washing and dis-
infection. A recent paper by researchers in the USA
demonstrated that Cryptosporidium oocysts were
capable of strongly adhering to spinach plants after
contact with contaminated water and were also in-
ternalized within the leaves, thus making washing
entirely ineﬀective [28].
Several limitations apply to our ﬁndings. First, the
long incubation period resulted in a substantial delay
before the outbreak was recognized and this delayed
the start of the epidemiological investigation. As a
result, the web-based questionnaire was sent out
almost 4 weeks after the event and this may have
resulted in recall bias. An additional consequence of
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the amounts of foods consumed so we were unable to
calculate dose response. This is unfortunate because
very little is known regarding infection with E. bien-
eusi in healthy populations and we strongly suspect
that the high variability in the incubation period,
spectrum, severity and duration of symptoms could
be explained by dose response. Another limitation
associated with the delayed recognition of the out-
break was that only 8/95 initial samples remained
for extended analysis. Furthermore, these samples
had been ﬁxed in formalin o6 weeks before DNA
extraction and this may have inﬂuenced the low PCR-
positivity rate (4/8). In contrast, all three stool
samples from late November which had been stored
unﬁxed were positive by PCR.
This outbreak provided a unique opportunity to
study the incubation period, symptom duration and
spectrum of symptoms of E. bieneusi in otherwise
healthy persons, which until now was largely un-
known. For the ﬁrst time, we have been able to
document incubation periods for cases of micro-
sporidiosis. However, because this was an observa-
tional study, it is important to consider the factors
that could have inﬂuenced the wide range of incu-
bation periods we report here. First, it is plausible that
diﬀerences in dose response could account for some
of the variation because it can be expected that
those persons who consumed large amounts of the
implicated foods might have had shorter incubation
periods. Another factor which might explain the
variation is diﬀerences in host immunity. Although
we believe that our case-patients were immuno-
competent persons, we did not systematically collect
information about their medical history. We therefore
performed a follow-up cohort study to investigate this
possibility further (data will be published separately).
The lack of speciﬁcity in the deﬁnition of several of
the symptoms might explain some of the variation.
Neither the ﬁrst case-patient nor any of the case-
patients with late-onset dates were microbiologically
conﬁrmed. The range of incubation periods for the
four conﬁrmed case-patients (3–15 days) is therefore
more reliable and comparable to other protozoan
parasites such as Cryptosporidium and Giardia: 1–12
days and 3–25 days, respectively [29].
Our ﬁndings indicate that E. bieneusi is capable
of causing an outbreak of gastrointestinal illness in
a group of apparently immunocompetent persons.
Whether E. bieneusi is newly emerging as a potential
agent of foodborne outbreaks or whether it has
simply been under-reported previously remains un-
clear but it is believed that foodborne protozoan in-
fections are almost certainly under-detected by a
factor of o10 [30]. Moreover, the aetiological agent
remains unknown for more than half of all reported
foodborne outbreaks in Sweden [31]. We hope that
by reporting the ﬁndings of this investigation, the
awareness of considering parasites such as micro-
sporidia as possible agents during outbreaks will be
raised, allowing for easier recognition of outbreaks.
In particular, we recommend that microsporidia be
explored as causative agents in food- and waterborne
outbreaks involving long incubation periods (o1
week), predominantly non-bloody diarrhoea, ab-
dominal pain and bloating, especially when no other
organism has been identiﬁed.
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